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Abstract 

Background  Radiotherapy (RT) destroys cancer cells and activates the immune system while suppressing the 
immunity of tumor-associated tissues, including the tumor microenvironment (TME). However, to date, no anti-tumor 
therapeutic strategy that uses these immune mechanisms has been established. This study investigated changes in 
the immunity of the TME during standard radical RT for cervical cancer combined with external beam RT and brachy-
therapy and determined whether these changes affect prognosis.

Methods  Twenty-six patients who had completed radical RT for cervical cancer were categorized into the following 
two groups according to whether the cancer recurred and/or metastasized within 2 years after the start of treat-
ment: treatment failure (n = 14) and treatment success (n = 12). We assessed the expression of programmed death 
1, programmed death ligand 1 (PD-L1), cluster of differentiation (CD) 8, CD68, CD163, Forkhead box protein P3, and 
hypoxia-inducible factor-1α in the TME of cervical tissues collected periodically during treatment and evaluated 
the difference in expression rates of each marker between the success and failure groups and assessed its effect on 
prognosis.

Results  The expression levels of PD-L1 and CD163 in the TME in the treatment success group were lower than 
those in the treatment failure group at the midpoint during brachytherapy (p < 0.01 and p = 0.08, respectively), and 
the 2-year progression-free-survival (PFS) rate depended on the expression levels of PD-L1 and CD163 (p = 0.04 and 
p = 0.02, respectively).

Conclusions  The expression rates of CD163 and PD-L1 in the TME during brachytherapy were related to treatment 
response and the 2-year PFS. This study may increase our understanding of tumor-associated immunity in the TME 
and aid in the development of therapies targeting PD-L1 or M2 macrophages in the TME in conjunction with RT, 
especially brachytherapy, for cervical cancer patients.
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Background
External beam radiotherapy (EBRT) and brachytherapy 
with or without chemotherapy are effective definitive 
treatments for uterine cervical cancer, and a good prog-
nosis is somewhat assured [1]. However, we sometimes 
experience cases of early recurrence and metastasis after 
treatment. A reason for the limited therapeutic response 
is that cervical cancer cells evade anti-tumor immunity. 
For example, in squamous cell carcinoma of the cervix, 
human papillomavirus (HPV) 16 is integrated into the 
programmed death ligand 1 (PD-L1) locus, leading to 
increased expression of PD-L1 [2]. Expressed PD-L1 on 
the surface of HPV-infected tumor cells and/or other 
multiple tissues, including hematopoietic cells, and pro-
grammed death 1 (PD-1) on the surface of T cells inhibit 
the anti-tumor effect of a cluster of differentiation (CD) 
8 + T cells (cytotoxic T cells) [3–5]. Therefore, it is crucial 
for the successful treatment of cervical cancer to regulate 
tumor-suppressive immune responses.

Radiotherapy (RT) destroys cancer cells, activates 
the immune response, and induces immunogenic cell 
death. When T cells are restored from the suppressive 
state by PD-1/PD-L1 inhibitors, highly immunogenic 
neoantigens emerging from RT are recognized, and 
anticancer immunity is triggered. Some studies have 
suggested that patients with tumors overexpressing 
PD-L1 have improved clinical outcomes with anti-PD-1 
directed therapy [6]. Additionally, several clinical trials 
have been conducted using anti-PD-1/PD-L1 antibod-
ies in combination with RT, including KEYNOTE-158 
(NCT02628067) [7] and CheckMate 358 (NCT02488759) 
[8], have used anti-PD-1/PD-L1 antibodies in combina-
tion with RT. In contrast, recent studies have shown that 
RT suppresses immunity against tissues surrounding the 
tumor, known as the tumor microenvironment (TME) 
[9]. When TME acquires an immunosuppressive charac-
ter, it becomes resistant to RT. Furthermore, RT induces 
DNA double-strand breaks (DSBs) that are lethal to can-
cer cells, while PD-L1 expression is upregulated during 
the DSB repair process [10].

Definitive RT for cervical cancer comprises two radia-
tion delivery methods, including EBRT and brachy-
therapy, with different doses per fraction and delivery 
schedules, resulting in non-uniform treatment intensity 
for the tumor and surrounding tissues. However, to the 
best of our knowledge, little is known about immune 
changes in TME induced by different RT techniques 
and dose schedules. Therefore, this study aimed to 

retrospectively investigate changes in the tumor-asso-
ciated immune system caused by RT in TME during 
treatment and analyze whether these changes affect the 
prognosis.

Methods
Patients
Patients with uterine cervical cancer who were pathologi-
cally diagnosed and underwent radical RT with EBRT and 
high-dose-rate intracavity brachytherapy (HDR-ICBT) in 
our hospital between May 2012 and March 2019 were 
retrospectively examined, and 30 patients, whose cer-
vical tissue samples had been collected before, during 
(weekly), and after treatment for assessment of treat-
ment efficacy, were enrolled in this study. One patient 
who did not undergo HDR-ICBT was excluded from this 
population, and three others were excluded because their 
specimens were not collected routinely during treat-
ment. Overall, 26 patients were finally included in this 
study. We obtained approval from the ethics committee 
of our institution to use these cervical tissue samples for 
this study (No. 19191). Because of this study’s explora-
tory and preliminary nature, sample size calculations or 
power analyses were not conducted.

Treatment and follow‑up
The whole (n = 25) or small pelvis (n = 1) was irradiated 
with EBRT with  0°, 90°, 180°, and 270° portals, using 
high-energy 10 MV X-ray photons from a linear accel-
erator at a daily fraction of 1.8 to 2.0 Gy. A midline block 
was administered after pelvic field irradiation of 19.8–
39.8  Gy. Overall, approximately 50  Gy (49.6–50.4  Gy) 
was administered, with an additional boost of 6–10  Gy 
in 3–5 fractions for intrapelvic lymph node metastases. 
If there were metastases in the para-aortic lymphatic 
chains, they were also included in the irradiation field. 
The small pelvic irradiation field was designed based on 
the report of Ohara et  al.  [11] without a midline block. 
Furthermore, HDR-ICBT was applied with a 2D plan 
using a Co-60 source before or after administering a 
midline block. The HDR treatment plan was calculated 
using HDRplus™ (Eckert & Ziegler BEBIG GmbH, Ber-
lin, Germany). A total dose of 20–40 Gy in 4–8 fractions 
(median, 30 Gy in 6 fractions) was prescribed for Point A 
in the Manchester system. The International Federation 
of Gynecology and Obstetrics [12] patients with stage 
IB2 and IIA2-IVA underwent concurrent chemoradiation 
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therapy (CCRT) with weekly cisplatin (cisplatin 40  mg/
m2/week for 5–6 weeks). All patients were followed every 
1–3  months for 1  year after initial treatment, subse-
quently every 3 months for 3 years with the gynecological 
examination, transvaginal ultrasonography, cervical Pap 
smear, biopsy, serum tumor marker-level monitoring, 
computed tomography, and magnetic resonance imaging. 
The clinical response was determined using the Response 
Evaluation Criteria in Solid Tumors, version 1.1 [13].

Immunohistochemical staining and pathological 
assessment
We conducted this study using all the pathological tissues 
stored at our institution. After each biopsy, the tissues 
were immediately fixed in 10% formalin and embedded 
in paraffin. The biopsy specimens showed that cancer 
cells were collected in most cases in the early stages of 
treatment. However, as the treatment progressed, can-
cer cells were not collected. It was impossible to confirm 
whether the treatment was successful if the cancer cells 
were destroyed or whether surviving cancer cells were 
not collected during the biopsy. Given the uncertainty 
that biopsies were not always guaranteed to collect tumor 
tissues, we decided to focus on tumor-associated immu-
nity in the TME rather than tumor cells. To investigate 
changes in tumor-associated immunity in TME, we first 
selected samples at four-time points among the cervical 
tissues mentioned above: before treatment (biopsy point 
1), at the midpoint of the EBRT-only irradiation period 
(biopsy point 2), at the time points when the HDR-ICBT 
dose was approximately half of the planned dose (biopsy 
point 3), and within 3  months of the end of treatment 
(biopsy point 4). Regarding the prescription dose for 
the external os of the uterus at each time point, biopsy 
points 2, 3, and 4 were EBRT 29.7 (16.0–37.8) Gy, 31.5 
(19.8–50.4) Gy + HDR-ICBT 53.3 (15.2–100.5) Gy, and 
31.5 (19.8–50.4) Gy + HDR-ICBT 107.1 (34.3–240.4) 
Gy. Subsequently, serial 4-μm sections were cut from 

these specimens, and immunohistochemical staining 
was conducted using the primary antibodies shown in 
Table  1. Figure  1 depicts the functions of the immune-
related molecules investigated in this study  within the 
TME [14–21]. CD8 + T cells recognized tumor antigens 
by the action of antigen-presenting cells. PD-1 is a recep-
tor expressed on the surface of activated T cells. PD-L1 is 
a ligand for PD-1 and is also expressed on the surface of 
tumor cells and macrophages surrounding tumors. PD-1 
and PD-L1 bind to each other, suppressing or arresting 
T-cell responses. CD68 and CD163 are highly expressed 
in macrophages, with CD68 being more prevalent in M1 
macrophages and CD163 in M2 macrophages. M1 mac-
rophages typically demonstrate anti-tumor functions, 
including directly mediating cytotoxicity and antibody-
dependent cell-mediated cytotoxicity to kill tumor cells. 
However, M2 macrophages can activate the recurrence 
and metastasis of tumor cells, inhibit T cell-mediated 
anti-tumor immune response, promote tumor angiogen-
esis, and result in tumor progression. FoxP3 is a typical 
marker of regulatory T cells. Hypoxia-inducible factor-1α 
(HIF-1α), a transcription factor activated during intracel-
lular hypoxia, activates M2 macrophages; it is expressed 
in the nuclei of M1 macrophages. Expression levels were 
defined as the ratio of the number of cells expressing the 
target molecule to the total number of cells in the TME, 
and they were determined by the consensus of the radia-
tion oncologist and pathologist.

Statistical analyses
The patients were categorized into the following two 
groups: the treatment failure group (n = 14), which 
included those who developed recurrent cancer and/or 
metastases within 2  years after starting treatment, and 
the treatment success group (n = 12), including those 
who did not. We compared patients’ baseline characteris-
tics between the two groups using the Wilcoxon rank sum 
and Fisher’s exact tests for continuous and categorical 

Table 1  Primary antibodies used for immunohistochemical staining

TME tumor microenvironment, CD cluster of differentiation, PD-1 programmed death 1, PD-L1 programmed death ligand 1, FoxP3 forkhead boxprotein P3, HIF-1α 
hypoxia-inducible factor-1α

Clone Antigen Dilution Manufacturer Cell expression 
site in the TME

KP-1 CD68 1:1200 DakoCytomation, Glostrup, Denmark Cell membrane

10D6 CD163 1:100 Leica Microsystems, Newcastle, UK Cell membrane

EPR4877 (2) PD-1 1:200 Abcam, Cambridge, MA, USA Cell membrane

E1L3N PD-L1 1:100 Cell Signaling Technology, Inc., Danvers, MA, USA Cell membrane

4B11 CD8 1:200 Leica Microsystems, Newcastle, UK Cell membrane

236A/E7 FoxP3 1:100 Abcam, Cambridge, MA, USA Nucleus

54/HIF-1α HIF-1α 1:50 BD Biosciences, New Jersey, USA Nucleus
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variables, respectively. We plotted the expression levels 
of each immunologically related molecule expressed on 
the cell membrane or in the nucleus in tissues obtained 
at the four-time points and tested the differences in the 
expression levels at each time point between the two 
groups using a mixed linear model. Subsequently, we cal-
culated the 2-year cumulative progression-free survival 
(PFS) rates using the Kaplan–Meier method and per-
formed the univariate and multivariate Cox proportional 
hazards regression models to examine factors related to 
recurrence and/or metastasis. The EBRT and HDR-ICBT 
doses at the external os of the uterus and the expression 
levels of immune-related molecules were time-depend-
ent factors, and we determined that verification of the 
proportional hazards assumption was unnecessary. The 

2-year PFS rates were calculated from the day of the com-
pletion of RT to the date of the last follow-up attendance, 
histological or radiological evidence of any recurrence 
or metastasis, or death from any cause. Regarding the 
radiation dose to the tissues collected, the biopsy sam-
ples used in this study were collected around the external 
os of uterus; therefore, the dose of EBRT was calculated 
up to the time before the midline block was adminis-
tered, and the dose of HDR-ICBT was calculated at a 
distance of 5 mm perpendicular to the longitudinal axis 
of the uterus from the external os of uterus using HDR-
plus™. However, due to the small number of patients in 
this study, the explanatory variables to be included in 
the multivariate analysis were age and the doses of EBRT 
and HDR-ICBT in the external os of uterus, which were 

Fig. 1  Immune-mediated radioresistant mechanisms in the tumor microenvironment and related molecules. Black arrows depict the immune 
responses involved in radioresistance that have been identified so far. Radiotherapy for cervical cancer involves external-beam radiation therapy 
(EBRT) and brachytherapy, although little is known about the effects of the different doses per fraction and irradiation schedules of these two 
treatment modalities on tumor immunity (blue arrow). EBRT external beam radiotherapy, TME tumor microenvironment, DNA deoxyribonucleic acid, 
CD cluster of differentiation, PD-L1 programmed death ligand 1, PD-1 programmed death 1, FoxP3 forkhead boxprotein P3, HIF-1α hypoxia-inducible 
factor-1α, VEGF vascular endothelial growth factor, IL interleukin, TGF-β transforming growth factor-β
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considered to be clinically significant in addition to each 
level of expression of immune-related molecules. We 
conducted comparisons of baseline characteristics of 
patients between the two groups using the RStudio, ver-
sion 1.3.1056 (RStudio Team (2020). RStudio: Integrated 
Development by R. RStudio, Inc., Boston, MA, USA), 
and confirmed differences in the expression levels at each 
time point between the two groups and performed the 
univariate and multivariate analyzes using the SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Patients’ characteristics
The clinical characteristics of the patients are pre-
sented in Table 2. The median age of the treatment suc-
cess group was higher than that of the treatment failure 
group (p = 0.03). In addition, a significant difference 
was observed in the efficacy of CCRT between the two 
groups, and all patients diagnosed with partial response 
were in the treatment failure group (p = 0.02). The 

remaining explanatory variables and treatment effects 
did not differ significantly between the two groups.

Alteration in the expression of immune‑related molecules 
in TME
As an example, representative patterns of TMEs stained 
for PD-L1 and CD163 are shown in Fig. 2. The expres-
sion levels of each immune-related molecule in TME 
in the two groups are shown in Fig. 3 and Table 3. We 
confirmed the differences in the expression levels at 
each time point between the two groups and found 
the following results: the expression levels of PD-L1 
increased at biopsy point 2, compared to biopsy point 
1, and the expression levels of PD-L1 in the treatment 
success group were lower than those in the treatment 
failure group at biopsy point 3 (p < 0.01). The same 
trend was observed for CD163 (p = 0.08). In addition, 
the expression levels of CD8, FoxP3, and PD-1 gradu-
ally decreased, and the expression levels of CD68 and 
HIF-1α gradually increased during treatment. However, 

Table 2  Baseline characteristics of patients

ECOG Eastern Cooperative Oncology Group, FIGO International Federation of Gynecology and Obstetrics, EBRT external-beam radiation therapy, HDR-ICBT high-dose-
rate intracavity brachytherapy, CR complete response, PR partial response, SD stable disease, PD progressive disease

Characteristics Treatment success Treatment failure p-value Characteristics Treatment success Treatment failure p-value
(n = 12) (n = 14) (n = 12) (n = 14)

Age (year) EBRT field, n (%) 0.46

 Median (range) 61 (47–89) 49 (33–72) 0.03  Whole pelvis 11 (92) 14 (100)

ECOG Performance Status, n (%) 0.78  Small pelvis 1 (8) 0 (0)

 0 10 (83) 12 (86) Chemotherapy, n (%) 0.58

 1 1 (8) 2 (14)  0 mg/m2 2 (17) 1 (7)

 2 1 (8) 0 (0)  ≥ 100 mg/m2 10 (83) 13 (93)

Histology, n (%) 1.00 EBRT dose, n (%) 0.20

 Squamous cell 
carcinoma

12 (100) 13 (93)  1.8 Gy × 28 fr 10 (83) 14 (100)

 Adenocarcinoma 0 (0) 1 (7)  1.6 Gy × 31 fr 1 (8) 0 (0)

Stage (FIGO 2009), n (%) 0.51  2.0 Gy × 15 fr 1 (8) 0 (0)

 I 1 (8) 3 (21) HDR-ICBT dose at Point A, n (%) 0.59

 II 6 (50) 9 (64)  5 Gy × 2 fr 1 (8) 0 (0)

 III 3 (25) 1 (7)  5 Gy × 4 fr 0 (0) 1 (7)

 IV 2 (17) 1 (7)  5 Gy × 5 fr 3 (25) 3 (21)

Tumor diameter, n (%) 1.00  5 Gy × 6 fr 8 (67) 6 (43)

 < 4 cm 2 (17) 2 (14)  5 Gy × 7 fr 0 (0) 2 (14)

 ≥ 4 cm 10 (83) 12 (86)  5 Gy × 8 fr 0 (0) 1 (7)

Lymph node metastasis, n (%) 0.23  5 Gy × 5 
fr. + 6 Gy × 1 fr

0 (0) 1 (7)

 Negative 7 (58) 4 (29) Treatment effect, n (%) 0.02

 Positive 5 (42) 10 (71)  CR 12 (100) 8 (57)

Distant metastasis, n (%) 0.58  PR 0 (0) 6 (43)

 Negative 10 (83) 13 (93)  SD 0 (0) 0 (0)

 Positive 2 (17) 1 (7)  PD 0 (0) 0 (0)
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no significant difference was found in the expression 
levels of these molecules at almost all of the biopsy 
points between the two groups.

Prognosis
The median follow-up period was 32 (5–75) months. 
During this study, recurrence and/or metastasis were 
observed in 14 (54%) patients: local recurrence in 10 
(38%), distant metastasis in seven (27%), and both 
local recurrence and distant metastasis in three (12%) 
patients. Five (19%) patients died of uterine cervical can-
cer. The 2-year PFS and overall survival rates in all 26 
patients were 46% and 81%, respectively. The results of 
the univariate and multivariate analyses are presented in 

Tables 4 and 5. Although the univariate analysis showed 
no significant association between the 2-year PFS and 
the expression level of any immune-related molecule, the 
multivariate analysis revealed that the expression levels 
of PD-L1 (hazard ratio [HR] 1.033; 95% confidence inter-
val [CI] 1.00–1.07; p = 0.04) and CD163 (HR 1.056; 95% 
CI 1.01–1.10; p = 0.02) were independently associated 
with the 2-year PFS, whereas those of other molecules 
were not significantly associated with the 2-year PFS.

Discussion
This study aimed to determine whether changes 
in the immunity of the TME during standard radi-
cal RT for cervical cancer combined with EBRT and 

Fig. 2  Representative patterns of immunohistochemical staining and pathological assessment of the tumor microenvironment (TME) stained for 
PD-L1 and CD163. Expression levels were defined as the ratio of the number of cells expressing the target molecule to the total number of cells in 
the TME. PD-L1 expression levels were (a) 5% and (b) 40%. CD163 expression levels were (c) 10% and (d) 50%. PD-L1 programmed death ligand 1, 
CD cluster of differentiation

Fig. 3  Expression levels of each immune-related molecule in the tumor microenvironment (TME) in the treatment success and treatment failure 
groups. a PD-1, b PD-L1, c CD8, d CD68, e CD163, f FoxP3, and g HIF-1α. We defined four biopsy points as follows: biopsy point 1, before treatment; 
biopsy point 2, at the midpoint of the EBRT-only irradiation period; biopsy point 3, at the time points when the HDR-ICBT dose was approximately 
half of the planned dose; biopsy point 4, after treatment. *The expression levels of PD-L1 in the treatment success group were lower than those in 
the treatment failure group at biopsy point 3 (p < 0.01). ¶The same trend was observed for CD163 at biopsy point 3 (p = 0.08). PD-1 programmed 
death 1, PD-L1 programmed death ligand 1, CD cluster of differentiation, FoxP3 forkhead boxprotein P3, HIF-1α hypoxia-inducible factor-1α, EBRT 
external beam radiotherapy, HDR-ICBT high-dose-rate intracavity brachytherapy

(See figure on next page.)
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Fig. 3  (See legend on previous page.)
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brachytherapy affect prognosis. It revealed that the 
expression levels of PD-L1 and CD163 in the treatment 
success group were lower than those in the treatment 
failure group at the midpoint during brachytherapy and 

that the 2-year PFS rate depended on the expression 
levels of PD-L1 and CD163.

Several studies have demonstrated that the expression 
levels of PD-L1 increase following RT, which aided in the 
interpretation of our findings; the expression levels of 
PD-L1 increased before the initiation of ICBT [10, 22]. 
However, subsequently, the dynamics of PD-L1 expres-
sion levels differed depending on whether recurrence or 
metastasis occurred within 2  years. This result suggests 
that the incidence of recurrence and/or metastasis within 
2 years depends on the expression levels of PD-L1 during 
brachytherapy.

Macrophages are one of the main components of 
tumor-infiltrating monocytes. These cells, which are 
involved in tumor immunity in the TME, are classified 
as M1 and M2 macrophages, and the former is gener-
ally considered to have an anti-tumor phenotype with 
cytotoxic capabilities. In contrast, the latter has a tumor-
promoting phenotype with immunosuppressive and 
angiogenic capabilities that suppress tumor immunity 
[15, 17, 23, 24]. Our study showed that the expression 
levels of CD68 and CD163 increased with treatment pro-
gression, contrary to the findings of Berenguer et al. [22]. 
These differences may be because of the disuniformity 
in pathological evaluation arising from variations in the 
biopsy site, insufficient specimen volume, or the small 
number of cases. However, in this study, the expression 
levels of PD-L1, which is expressed on the surface of 
myeloid-derived suppressor cells: the precursor cells of 
M1 and M2 macrophages, and tumor-associated mac-
rophages: a collective term for macrophages within the 
TME [23, 24], as well as HIF-1α, which is expressed in 
the nucleus of M1 macrophages and an activator of M2 
macrophages [17, 21], increased during treatment. These 
results may support increased expression levels of CD68 
and CD163.

Regarding the expression levels of PD-1, FoxP3, and 
CD8 in the TME, Tsuchiya et al. investigated the expres-
sion rates of immune-related molecules and demon-
strated that after CCRT, CD8 + and FoxP3 + T-cell 
infiltration decreased significantly, while the num-
ber of PD-1-expressing cells did not change [25]. This 
result is consistent with our result. In contrast, Someya 
et  al. reported that low FoxP3 + T-cell count and low 
CD8 + T-cell count (cold-type tumors) in both the tumor 
and TME before RT were poor prognostic factors, in 
addition to non-squamous cell carcinoma, large pretreat-
ment tumor volume, and three or fewer cycles of concur-
rent chemotherapy [26]. Here, we did not identify any 
difference in CD8 expression before treatment accord-
ing to treatment outcomes, and this is because Someya 
et  al. distinguished infiltration by counting cells in the 
tissue above or below 30 cells/HPF, whereas we counted 

Table 4  Predictive factors of the 2-year PFS in univariate analysis

PFS Progression-free survival, FIGO International Federation of Gynecology and 
Obstetrics, EBRT external-beam radiation therapy, HDR-ICBT high-dose-rate 
intracavity brachytherapy, HR hazard ratio, CI confidence interval

Variables Univariate analysis

HR 95% CI p-value

Age 0.95 (0.91, 1.00) 0.03

FIGO stage 0.67 (0.34, 1.34) 0.26

Lymph node metastasis

 Negative 1.00 – –

 Positive 2.13 (0.65, 6.91) 0.21

Distant metastasis

 Negative 1.00 – –

 Positive 0.00 (0.00, ∞) 0.99

EBRT dose at the external os 1.04 (0.98, 1.11) 0.17

HDR-ICBT dose at the external os 1.01 (0.99, 1.03) 0.28

Chemotherapy

 0 mg/m2 1.00 – –

 ≥ 100 mg/m2 1.01 (0.99, 1.02) 0.35

PD-1 expression levels 1.15 (0.72, 1.84) 0.56

PD-L1 expression levels 1.02 (1.00, 1.05) 0.09

CD8 expression levels 1.08 (0.95, 1.22) 0.24

CD68 expression levels 1.02 (0.99, 1.04) 0.26

CD163 expression levels 1.03 (1.00, 1.06) 0.09

FoxP3 expression levels 1.17 (0.65, 2.11) 0.61

HIF-1α expression levels 0.99 (0.96, 1.02) 0.52

Table 5  Predictive factors of the 2-year PFS in multivariate 
analysis

These data were adjusted for age, EBRT dose at the external os, and HDR-ICBT 
dose at the external os

PFS progression-free survival, HR hazard ratio, CI confidence interval, PD-L1 
programmed death ligand 1, EBRT external-beam radiation therapy, HDR-ICBT 
high-dose-rate intracavity brachytherapy

*HR was calculated as an increase in one unit of expression level

Variables Multivariate analysis

HR* 95% CI p-value

PD-1 expression levels 1.18 (0.68, 2.05) 0.56

PD-L1 expression levels 1.03 (1.00, 1.07) 0.04

CD8 expression levels 1.13 (0.97, 1.32) 0.13

CD68 expression levels 1.03 (0.99, 1.06) 0.19

CD163 expression levels 1.06 (1.01, 1.10) 0.02

FoxP3 expression levels 1.24 (0.67, 2.30) 0.49

HIF-1α expression levels 1.00 (0.97, 1.03) 0.89
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cells without dichotomization; consequently, some of the 
patients in the treatment success group in our study were 
included in their cold-type group, and the results differed 
regarding the expression levels of these markers before 
treatment.

Here, the underlying reasons for the discrepancy in 
PD-L1 and CD163 expression rates according to progno-
sis at the midpoint of brachytherapy are yet to be deter-
mined. Given that HIF-1 increases PD-L1 expression on 
M2 macrophages in hypoxic environments [23, 27, 28] 
and that the therapeutic efficacy of X-ray or γ-ray is regu-
lated by tissue oxygenation [29], we considered hypoxia 
as a possible explanation for this prognostic difference. 
Although our study showed that the expression level of 
HIF-1α was unrelated to the prognosis and increased 
during treatment, we only examined one of several HIF 
proteins in this study. The possibility that a phenom-
enon in the hypoxic environment may have generated 
prognostic variations in PD-L1 and CD163 expression 
in brachytherapy could not be ruled out by our findings; 
this subject requires further research.

Cellular senescence and aging are associated with 
PD-L1 upregulation, and a large variety of proinflam-
matory cytokines, chemokines, growth factors, and 
proteases secreted by senescent cells upregulate PD-L1 
expression in non-senescent control cells via the JAK-
STAT pathway [30]. However, the median age of the 
treatment success group was higher than that of the 
treatment failure group in our study. This is possibly 
owing to patient selection bias because our study was a 
retrospective analysis of patients who completed radical 
treatment; therefore, patients who were unable to com-
plete treatment or could not be treated radically may not 
have been included in the study.

This study had some limitations. First, the study had 
an exploratory and preliminary nature because of the 
small sample size and the uncertainty of the pathologi-
cal evaluation arising from variations in the biopsy site 
or insufficient specimen volume. Second, when evaluat-
ing tissue samples, we did not score expression levels as 
other researchers have, nor did we determine the cutoff 
point, making the results of this study difficult to reflect 
in actual clinical practice. Therefore, to overcome these 
constraints, we intend to increase the number of patients 
and conduct further investigations to determine the 
underlying reasons for the prognosis during brachyther-
apy and the timing of immunotherapy initiation.

Conclusions
This exploratory study of cervical cancer revealed that 
patients with no tumor progression within 2  years after 
starting treatment had lower expression levels of PD-L1 
and CD163 at the brachytherapy midpoint and that the 

expression rate of these molecules was related to the 2-year 
PFS. Although it is necessary to investigate the underlying 
causes of the differences in PD-L1 and CD163 expression 
in the TME during brachytherapy, this study may increase 
our understanding of tumor-associated immunity and aid 
in the development of treatment methods that exploit this 
immunity in RT for cervical cancer.

Abbreviations
TME	� Tumor microenvironment
CD	� Cluster of differentiation
PD-L1	� Programmed death ligand 1
EBRT	� External beam radiotherapy
HPV	� Human papilloma virus
PD-1	� Programmed death 1
FoxP3	� Forkhead boxprotein P3
HIF-1α	� Hypoxia-inducible factor-1α
RT	� Radiotherapy
DSB	� Double-strand break
HDR-ICBT	� High-dose-rate intracavity brachytherapy
CCRT​	� Concurrent chemoradiation therapy
PFS	� Progression-free survival

Acknowledgements
This work was supported by JSPS KAKENHI Grant Number JP19K17153. The 
authors thank Yumi Shigematsu, who cut out the pathological tissues and 
prepared specimens, and all our colleagues who helped us with treatment 
and data collection.

Author contributions
YM, EO, HH, NT, KU collected the data. YM, YS, AK, and JA prepared pathologi-
cal specimens and evaluated them. YM, HO, and TK performed the statistical 
analysis. YM drafted the manuscript and all authors participated in the design 
of this study and read and approved the final manuscript.

Funding
This work was supported by JSPS KAKENHI Grant Number JP19K17153.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
We obtained approval from the ethics committee of our institution to use 
these cervical tissue samples for this study (No. 19191).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Radiology, School of Medicine, Kurume University, 67 Asahi-
machi, Kurume, Fukuoka 830‑0011, Japan. 2 Department of Radiotherapy, St. 
Mary’s Hospital, 422 Tsubukuhonmachi, Kurume, Fukuoka 830‑8543, Japan. 
3 Department of Obstetrics and Gynecology, School of Medicine, Kurume 
University, 67 Asahimachi, Kurume, Fukuoka 830‑0011, Japan. 4 Department 
of Diagnostic Pathology, Kurume University Hospital, 67 Asahimachi, Kurume, 
Fukuoka 830‑0011, Japan. 5 Biostatistics Center, Kurume University, 67 Asahi-
machi, Kurume, Fukuoka 830‑0011, Japan. 

Received: 7 December 2022   Accepted: 14 February 2023



Page 11 of 11Miyata et al. Radiation Oncology           (2023) 18:40 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

References
	1.	 Vordermark D. Radiotherapy of cervical cancer. Oncol Res Treat. 

2016;39:516–20. https://​doi.​org/​10.​1159/​00044​8902.
	2.	 Kataoka K, Shiraishi Y, Takeda Y, Sakata S, Matsumoto M, Nagano S, et al. 

Aberrant PD-L1 expression through 3’-UTR disruption in multiple cancers. 
Nature. 2016;534:402–6. https://​doi.​org/​10.​1038/​natur​e18294.

	3.	 Francisco LM, Salinas VH, Brown KE, Vanguri VK, Freeman GJ, Kuchroo VK, 
et al. PD-L1 regulates the development, maintenance, and function of 
induced regulatory T cells. J Exp Med. 2009;206:3015–29. https://​doi.​org/​
10.​1084/​jem.​20090​847.

	4.	 Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo T, Minato N. Involvement 
of PD-L1 on tumor cells in the escape from host immune system and 
tumor immunotherapy by PD-L1 blockade. Proc Natl Acad Sci U S A. 
2002;99:12293–7. https://​doi.​org/​10.​1073/​pnas.​19246​1099.

	5.	 Yamazaki T, Akiba H, Iwai H, Matsuda H, Aoki M, Tanno Y, et al. Expression 
of programmed death 1 ligands by murine T cells and APC. J Immunol. 
2002;169:5538–45. https://​doi.​org/​10.​4049/​jimmu​nol.​169.​10.​5538.

	6.	 Patel SP, Kurzrock R. PD-L1 expression as a predictive biomarker in cancer 
immunotherapy. Mol Cancer Ther. 2015;14:847–56. https://​doi.​org/​10.​
1158/​1535-​7163.​MCT-​14-​0983.

	7.	 Chung HC, Ros W, Delord JP, Perets R, Italiano A, Shapira-Frommer R, et al. 
Efficacy and safety of pembrolizumab in previously treated advanced 
cervical cancer: results from the phase II KEYNOTE-158 study. J Clin Oncol. 
2019;37:1470–8. https://​doi.​org/​10.​1200/​JCO.​18.​01265.

	8.	 Naumann RW, Hollebecque A, Meyer T, Devlin MJ, Oaknin A, Kerger J, 
et al. Safety and efficacy of nivolumab monotherapy in recurrent or 
metastatic cervical, vaginal, or vulvar carcinoma: results from the phase I/
II checkmate 358 trial. J Clin Oncol. 2019;37:2825–34. https://​doi.​org/​10.​
1200/​JCO.​19.​00739.

	9.	 Jarosz-Biej M, Smolarczyk R, Cichon T, Kulach N. Tumor microenvironment 
as a “game changer” in cancer radiotherapy. Int J Mol Sci. 2019;20:3212. 
https://​doi.​org/​10.​3390/​ijms2​01332​12.

	10.	 Sato H, Niimi A, Yasuhara T, Permata TBM, Hagiwara Y, Isono M, et al. 
DNA double-strand break repair pathway regulates PD-L1 expression 
in cancer cells. Nat Commun. 2017;8:1751. https://​doi.​org/​10.​1038/​
s41467-​017-​01883-9.

	11.	 Ohara K, Tsunoda H, Nishida M, Sugahara S, Hashimoto T, Shioyama Y, 
et al. Use of small pelvic field instead of whole pelvic field in postopera-
tive radiotherapy for node-negative, high-risk stages I and II cervical 
squamous cell carcinoma. Int J Gynecol Cancer. 2003;13:170–6. https://​
doi.​org/​10.​1136/​ijgc-​00009​577-​20030​3000-​00012.

	12.	 Pecorelli S, Zigliani L, Odicino F. Revised FIGO staging for carcinoma of the 
cervix. Int J Gynaecol Obstet. 2009;105(2):107–8. https://​doi.​org/​10.​1136/​
10.​1016/j.​ijgo.​2009.​02.​009.

	13.	 Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, 
et al. New response evaluation criteria in solid tumours: revised RECIST 
guideline (version 1.1). Eur J Cancer. 2009;45:228–47. https://​doi.​org/​10.​
1016/j.​ejca.​2008.​10.​026.

	14.	 Topalian SL, Taube JM, Anders RA, Pardoll DM. Mechanism-driven bio-
markers to guide immune checkpoint blockade in cancer therapy. Nat 
Rev Cancer. 2016;16:275–87. https://​doi.​org/​10.​1038/​nrc.​2016.​36.

	15.	 Pan Y, Yu Y, Wang X, Zhang T. Tumor-associated macrophages in tumor 
immunity. Front Immunol. 2020;11:583084. https://​doi.​org/​10.​3389/​
fimmu.​2020.​583084.

	16.	 Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the develop-
ment and function of CD4(+)CD25(+) regulatory T cells. Nat Immunol. 
2003;4:330–6. https://​doi.​org/​10.​1038/​ni904.

	17.	 Liu Y, Li L, Li Y, Zhao X. Research progress on tumor-associated 
macrophages and inflammation in cervical cancer. Biomed Res Int. 
2020;2020:6842963. https://​doi.​org/​10.​1155/​2020/​68429​63.

	18.	 Zong Z, Zou J, Mao R, Ma C, Li N, Wang J, et al. M1 macrophages induce 
PD-L1 expression in hepatocellular carcinoma cells through IL-1beta 
signaling. Front Immunol. 2019;10:1643. https://​doi.​org/​10.​3389/​fimmu.​
2019.​01643.

	19.	 Huang Y, Goel S, Duda DG, Fukumura D, Jain RK. Vascular normalization 
as an emerging strategy to enhance cancer immunotherapy. Cancer Res. 
2013;73:2943–8. https://​doi.​org/​10.​1158/​0008-​5472.​CAN-​12-​4354.

	20.	 Tago F, Tsukimoto M, Nakatsukasa H, Kojima S. Repeated 0.5-Gy gamma 
irradiation attenuates autoimmune disease in MRL-lpr/lpr mice with 
suppression of CD3+CD4-CD8-B220+ T-cell proliferation and with 

up-regulation of CD4+CD25+Foxp3+ regulatory T cells. Radiat Res. 
2008;169:59–66. https://​doi.​org/​10.​1667/​RR1013.1.

	21.	 Takeda N, O’Dea EL, Doedens A, Kim JW, Weidemann A, Stockmann C, 
et al. Differential activation and antagonistic function of HIF-α isoforms in 
macrophages are essential for NO homeostasis. Genes Dev. 2010;24:491–
501. https://​doi.​org/​10.​1011/​gad.​18814​10.

	22.	 Berenguer Frances MA, Linares-Galiana I, Canas Cortes R, Marin IBS, 
Gutierrez Miguelez C, Najjari D, et al. Changes of CD68, CD163, and PD-L1 
tumor expression during high-dose-rate and pulsed-dose-rate brachy-
therapy for cervical cancer. Brachytherapy. 2020;19:51–9. https://​doi.​org/​
10.​1016/j.​brachy.​2019.​09.​009.

	23.	 Kumar V, Patel S, Tcyganov E, Gabrilovich DI. The nature of myeloid-
derived suppressor cells in the tumor microenvironment. Trends Immu-
nol. 2016;37:208–20. https://​doi.​org/​10.​1016/j.​it.​2016.​01.​004.

	24.	 Zhang Y, Du W, Chen Z, Xiang C. Upregulation of PD-L1 by SPP1 mediates 
macrophage polarization and facilitates immune escape in lung adeno-
carcinoma. Exp Cell Res. 2017;359:449–57. https://​doi.​org/​10.​1016/j.​yexcr.​
2017.​08.​028.

	25.	 Tsuchiya T, Someya M, Takada Y, Hasegawa T, Kitagawa M, Fukushima Y, 
et al. Association between radiotherapy-induced alteration of pro-
grammed death ligand 1 and survival in patients with uterine cervical 
cancer undergoing preoperative radiotherapy. Strahlenther Onkol. 
2020;196:725–35. https://​doi.​org/​10.​1007/​s00066-​019-​01571-1.

	26.	 Someya M, Tsuchiya T, Fukushima Y, Hasegawa T, Hori M, Kitagawa M, 
et al. Prediction of treatment response from the microenvironment of 
tumor immunity in cervical cancer patients treated with chemoradio-
therapy. Med Mol Morphol. 2021;54:245–52. https://​doi.​org/​10.​1007/​
s00795-​021-​00290-w.

	27.	 Kumar V, Gabrilovich DI. Hypoxia-inducible factors in regulation of 
immune responses in tumour microenvironment. Immunology. 
2014;143:512–9. https://​doi.​org/​10.​1111/​imm.​12380.

	28.	 Noman MZ, Desantis G, Janji B, Hasmim M, Karray S, Dessen P, et al. PD-L1 
is a novel direct target of HIF-1alpha, and its blockade under hypoxia 
enhanced MDSC-mediated T cell activation. J Exp Med. 2014;211:781–90. 
https://​doi.​org/​10.​1084/​jem.​20131​916.

	29.	 Hall EJ, Giaccia AJ. Radiobiology for the radiologist. In: Wolters K, editor. 
Lippincott Williams & Wilkins (LWW); 2019. p. 82–3.

	30.	 Onorati A, Havas AP, Lin B, Rajagopal J, Sen P, Adams PD, et al. Upregula-
tion of PD-L1 in senescence and aging. Mol Cell Biol. 2022;42:e0017122. 
https://​doi.​org/​10.​1128/​mcb.​00171-​22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1159/000448902
https://doi.org/10.1038/nature18294
https://doi.org/10.1084/jem.20090847
https://doi.org/10.1084/jem.20090847
https://doi.org/10.1073/pnas.192461099
https://doi.org/10.4049/jimmunol.169.10.5538
https://doi.org/10.1158/1535-7163.MCT-14-0983
https://doi.org/10.1158/1535-7163.MCT-14-0983
https://doi.org/10.1200/JCO.18.01265
https://doi.org/10.1200/JCO.19.00739
https://doi.org/10.1200/JCO.19.00739
https://doi.org/10.3390/ijms20133212
https://doi.org/10.1038/s41467-017-01883-9
https://doi.org/10.1038/s41467-017-01883-9
https://doi.org/10.1136/ijgc-00009577-200303000-00012
https://doi.org/10.1136/ijgc-00009577-200303000-00012
https://doi.org/10.1136/10.1016/j.ijgo.2009.02.009
https://doi.org/10.1136/10.1016/j.ijgo.2009.02.009
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1038/nrc.2016.36
https://doi.org/10.3389/fimmu.2020.583084
https://doi.org/10.3389/fimmu.2020.583084
https://doi.org/10.1038/ni904
https://doi.org/10.1155/2020/6842963
https://doi.org/10.3389/fimmu.2019.01643
https://doi.org/10.3389/fimmu.2019.01643
https://doi.org/10.1158/0008-5472.CAN-12-4354
https://doi.org/10.1667/RR1013.1
https://doi.org/10.1011/gad.1881410
https://doi.org/10.1016/j.brachy.2019.09.009
https://doi.org/10.1016/j.brachy.2019.09.009
https://doi.org/10.1016/j.it.2016.01.004
https://doi.org/10.1016/j.yexcr.2017.08.028
https://doi.org/10.1016/j.yexcr.2017.08.028
https://doi.org/10.1007/s00066-019-01571-1
https://doi.org/10.1007/s00795-021-00290-w
https://doi.org/10.1007/s00795-021-00290-w
https://doi.org/10.1111/imm.12380
https://doi.org/10.1084/jem.20131916
https://doi.org/10.1128/mcb.00171-22

	Dynamics in the expression of programmed death ligand 1 and cluster of differentiation 163 in the tumor microenvironment of uterine cervical cancer: a single-center retrospective study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Patients
	Treatment and follow-up
	Immunohistochemical staining and pathological assessment
	Statistical analyses

	Results
	Patients’ characteristics
	Alteration in the expression of immune-related molecules in TME
	Prognosis

	Discussion
	Conclusions
	Acknowledgements
	References


